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MACH NUMBERS OF 1.62, 2.00, 2.53, AND 3.05

By Arthur H, Hinners, Jr., and John B. Lee
SUMMARY

A preliminsry Investigation of = l5° semiangle movaeble-cone variable-
geometry ram-jet inlet was conducted in the preflight jet to determine
the variable-geometry effect on total-pregsure recovery at free-jet Mach
numbers of 1.62, 2,00, 2,53, and 3.05, at zero angles of attack and yaw.

Maximum total-pressure-recovery values attained were 0.90, 0.82,
0.61, and 0.43 at free-jet Mach numbers of 1.62, 2,00, 2.53, and 3. 05,
regpectively., All values of maximum total—pressure recovery occurred
at a diffuser exit Mach number of O. 25 The maximum total-pressure
limit was reached st the beginning of "buzz" caused by separation of
the flow off the cone surface.

In general, increasing the cowling-position parameter increased
the value of both total-~pressure recovery and mass-flow ratio.

A benefit in increased total-pressure recovery and mass-flow ratio
wag found for the movable-cone variable-geometry inlet over a fixed-
area inlet that would be able to operate beleow the buzz limit.

INTRODUCTION

In the design of a fixed-area ram-jet lnlet the inlet area ratio
end the oblique shock configuration are selected to provide the deslred
mese flow, total-pressure recovery, and external drag at the design
Mach number of the inlet. At lower than the inlet design Mach numbers,
the alr mass~flow requirements of the burner are less, but the inlet
cannot efficlently reduce the air mass flow into the inlet. Generally,
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the contraction ratio of the inlet or the back pressure forces & normal '
gshock In front of the lnlet cowl. The resulting external drag has been
found to increase greatly over the externsl drag of-an inlet designed to
operate at these lower Mach numbers. This poor matching of the inlet
and burner at below-degign Mach numbers generally results in lower total-
pressure recovery and thrust production. It therefore becomes evident
that a varlable-geometry inlet, which can efficilently match the air-flow
requirements of the burner to the inlet over a range of Mach numbers, is
needed.

The varlsble-geometry inlet discussed In this paper consists of a
cone which can be moved axially with respect to the inlet cowl so as to
provide supercritical flow over a range of Mach number, At below-design
Mach numbers, by extending the cone forward of design condition, the
conical shock is placed farther away from the cowl lip and thus reduces
the alr mess flow entering the Inlet. As the Mach number 1s increased
the cone can be retracted to Increase the alr mags flow. For a cowling-
position parsmeter of 25.00, the conical shock of the movable cone would
intersect the cowl lip at a Mach number of 3.05. This Mach number for
a Tixed-srea inlet is commonly called the design Mach number.

Studies of supercritical additive drag show that reducing the cone
angle reduces the additive drag. Tests mede of fixed-area conicel Inlets
(ref. 1) have shown that decreasing the cone angle tends to decrease the
obtainable pressure recovery. A 15° semiangle cone was chosen to try to
obtain a reasonable compromise between external drag and total-pressure
recovery in order to obtain a net propulsive force over a range of Mach
number.,

This preliminery report concerns the varlable-geometry effect on

total-pressure recovery. The investigation was conducted in the preflight

jet of the Pilotless Aircraft Research Station at Wallops Island, Va.,
with a rem-jet model having a dismeter of 6.60 inches and a length of
50.7T7 inches.

The data presented were obtained with cold flow at free-jet Mach
numbers of 1.62, 2.00, 2.53, and 3.05 at 0° angles of attack and yaw.
The Reynolds number range of these tests 1s shown In table I,

SYMBOLS

d diameter, in.
H - total pressure, lb/sq ft

m messured mess flow through duct, slugs/sec

14
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my mass flow through a stresm tube of area equal to inlet
capture area under free-stream conditions, slugs/sec

M Mach number

Mz Mach number at inlet 1lip of cowl

P static pressure, 1b/sq ft

r radius of duct at measuring station, in.

Re Reynolds number, based on inlet cowl dlameter of 1lip

R gas constant, 53.3 £t/°R

5 cross=-sectlonal area of -duct, sq £t

Se inlet capture ares defined by cowl lip; 0.164 sq ft

Se entrance ares to diffuser defined along imaginary surface
perpendicular to cone surface from leading edge of inlet,
sq ft

T statlic temperature, CR

v velocity, ft/sec

x distance from cowl leading edge (positive downstream), in.

¥ ordinate or locétion of total-pressure tube messured from
center, in. :

p density, slugs/cu £t

GZ cowling~position parsmeter (angle between axis of diffuser
and line joining apek of come to lip of cowl)

Subscripts:

0 free stream

1 e point station behind the conical shock

2 cone surface

3 station of minimum internal ares or diffuser throat

L diffuser exit and combustion;chamber entrance steation
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5 combustion-chamber exit station

6 exit choking station (Mg = 1.00)

a local point station - = -

MODEL

Two photographs of the ram-Jet inlet model and a sketch of the
model tested are presented as figures 1 and 2, respectively. The over-
all length of the inlet and simulated combustion chamber is 50.77 inches,
with a meximum external diameter of 6.60 inches. This configuration
plze, weight, and potential thrust output 1s sufficient for two of these
ram-jet engines to propel a missile test vehicle approximastely 16 feet
long and 250 poundg total weight.

The conical inlet had en inlet cowl thet was 5.48 inches in diameter
at the lip, end varied to & maximum outside diameter of 6.60 inches and
an inside diameter of 6.00 inches. Coordinates of the iInlet cowl are
glven in table II. The cowl had internal and external 1lip angles of 6°

and 13°, respectively.

The movable 15° semiangle cone had a maximum dlameter of 4.46 inches.
This cone could be moved axlally during the tests by means of a hydraulic
plston located within the central body. At the irnermost position, the
cone tip projected 5.83 inches in front of the cowl lip and could be
moved axially a total of 2.88 inches forward from this point. Coordinates
of this movable cone are given in table II. The ratio of the central-
body maximum diameter to the cowl-lip diameter is 0.81k.

Rearward of the imnermost posiltion of the cone, the central body
was supported by three equally spaced circular-arc support gtruts and
had a8 conlcel varistlon to the burner attachment point at the downstream
end of the central body. An idea of the rate of subsonic diffusion can
be obtained from the variation of geometric-ares ratic from the leading
edge of the inner-body support struts to the diffuser-exit-rake station,
as presented in figure 3. The variatlion of internal-contraction ratio
as & function of the cowling-positlon parsmeter €6; 1s presented iIn
figure k. ' -

At the end of the subscnic diffuser, the diameter increased to the
meximum internal dlameter of 6.50 inches. The outlet area for each test
was fixed by a plug. The plug was centered in the exit of the simulated
combustion chamber by a rod supported by three circular-arc support struts.
Appropriate plug dismeters were selected to give a variation in diffuser
exit Mach-number My of 0.20 to 0.27. T
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The station notation used in data presentation and analysis is
shown in figure 5.

Tests and Methods

The tests were made in the preflight Jjet of the Pilotless Aircraft
Regearch Station at Wallops Island, Va. (ref. 2). Nozzles which were
12 by 12 inches square were used for jet test Mach numbers of 1.62 and

2.00. Round nozzles of 8~ and 7%-1nch diameters were used for jet Mach
numbers of 2,53 and 3.05, respectilvely.

The model was placed in the exit of the jet nozzle so that the
inlet would be within the Mach dismond of the nozzle. In most tests
the movable cone was extended at the start of the test and moved axially
into the model until a condition of umeteady flow called "buzz" began,
at which time the directlion of travel was reversed. At least one cycle
of movement of the cone was made for each test. The model throughout
all tests was at 0° angles of attack and yaw. The variation of Reynolds
number based upon cowl entrance diameter of 5.84 inches is presented in
table T,

The average totel pressure at the diffuser exit -station H), was
determined by Integration of the measured profiles as follows:

1 .
H), = J; Hy d@'-)

The mass-flow ratlo m/my Was obtained by use of the Pollowing
expression:

PSMe
o _ PeS¢¥6 _ T
m  PPVo  PoScMp
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By substituting the pressure and temperature ratios for M =1 at
station 6 end the pressure and temperature ratios for each free-jet
Mach number at station O, the expression can be reduced to

R
mo

where

The total~-pressure recovery H5/HO was determined at station 5
and negligible losses were assumed between stations 5 and 6.

Results from tests made using the same simulated combustion chamber
and exit-station rakes on a similar central-body inlet in which the full
known capture asrea could be obtalned indicated that a mass-flow correc-
tion factor was not required for this Ilnstrumentation. Integration of
the mass flow across radilel stations at the diffuser exit station indi-
cated the same conclusion.

Ingtrumentation . -

Total preesure at the diffuser exit statlon was determined by nine
total-pressure tubes arranged in two rakes, centrally located between
the inner-body support struts. One rake had a static probe located at
the center of the rake and wall static pressures were meagured near esch
rake.

Average total pressure at the combustion~chamber exlt station was
obtained using three equally spaced rakes, each having six tubes spaced
at radilal stations of equal ares., The tubes of each rake were connected
to a common pressure chamber within the rake. The measured chamber pres-
gsures of the three rekes were asrithmetically averaged to obtain average
" total pressure at thils station.

Other measurements made were the free-stream total pressure in the .
chamber just before. the free-jet supersonic nozzle and the stream static
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pressure at the exit of the free-jet nozzle., The position of the mova-
ble cone was measured by a linear control-posltion indicator. Pressures
were recorded by mechanical optlcal pressure recorders and electrical
pressure recorders of the strain-gage type. Time histories were obtained
on £ilm and paper records which were' time-correlated wilth a 10-cycle-per-
second timer. Shadowgraphs weré obtained by using a carbon-arc light
source and an opaque=glass screen,

Accuracy

Ingtruments used in these tests were accurate to 1 percent of their
full-scale renge. By accownting for this error and also by observing
the scatter of points iIn repeated tests, the magnitude of the maximum
posslble error is believed to be wilthin the following limits:

Mg (1.62 8nd 2.00) & o« o ¢ o o o o o o o o o s o o o s o o o o
Mo (2.53 N8 3.05) ¢ o ¢ o o o o o ¢ o o o o o o o o o o o o o«
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Hl‘_lHO e e 8 & ® 8 & & O & & @6 o & S ¢ e S5 8 © © s & & e & o o o

mm.l..lIl..l..l....l'...l.'.l'l.

SuuSuy
o8 8

92 e & ©® 9 ¢ @ & @ & o ¢ § 6 5 & 6 & s & € s s 6 & O & & & & s o

RESUITS AND DISCUSSION

The total-pressure recovery HﬂIHO of the veriable-geometry
inlet is presented as a function of the cowling-position parameter 03

in figure 6, The theoretical values of the maximum total-pressure
recovery EthO wlth cowling-poeition parameter were calculated as in

M; +
reference 2 by assuming the average entrance Mach number to be -2—2;3&1

and by neglecting subsonic diffuser losgses as well as the effects of
the internal oblique shock originating at the lip of the cowl. The
values of M; and My, as well as the total-pressure loss through the
conical shock, were found by the table of reference 3., Theoretical
starting positions are found to be 63 = 19.56° and 21.35° for free-
stream Mach numbers of 1,62 and 2.00, respectively. At values of 63
less than the value of the starting position, the normsl shock could
enter the inlet at the test Mach number, whereas at greater values of 63,
the shock could not enter the inlet, If the diffuser was started at
the test Mach number of 1.62, theoretically the shock could remain
within the diffuser for values of 637 up to 20.26°, at which point a
Mach number of 1 is reached at the minimum, For the test Mach number
of 2,00, the started condition theoretically could exlist for all values
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of ©; of these tests. Two possible theoretlical total-pressure
recoveries were then consldered; the case of the normal shock at the
entrance 1lip, and the case of the shock at the diffuser throat or mini-
mum station., The theoretical total-pressure recovery is higher when
the normsl shock ls located at the diffuser throat because of the reduc-~
tion in the internal stream Mach number in the converging area to the
throat. For free-stream Mach numbers of 2.53 and 3.05, the inlet is
started for the full range of 8; %tested.

The dats points of total-pressure recovery as a function of 6; are

presented for diffuser-exit Mach numbers M) of 0.20, 0.22, 0.25, and
0.27. A choking plug as shown in figure 2 was used in each test, fixing
the diffuser exit Mach number to the values presented. For each value

of My, as €3 incressed, Hh/Hb increased until, in all cases except

M) = 0.27, a condition of unsteady flow was reached which has been called
buzz. This condition of buzz was in these tests the upper limit of
obtainable total-pressure recovery. At My = 0.27 it was not mechanically
possible in these tests to move the cone into the cowl beyond a value of

g1 = 25.00, and the buzz limit was not reached.

For a given value of 6;, with supercritical flow in the inlet,
increasing My (that is, increasing the exit area) relocates the normal

shock in the divergent portion of the diffuser with an increase in Mach
number before the normel shock occurs; this increase causes s stronger
normal shock and decreases the value of HhIHb‘

Then, 1f 6; 1s increased, more mass flow enters the inlet and

the total-pressure recovery must increase by the normsl shock moving
upstream toward the minimum area, uwntil it is forced past the throat
out in front of the entrance. Finally, a condition is reached when
buzz begins. Increasing My locates the normal shock farther downstream

inside the inlet; this location allows larger values of 67, and there-
fore, higher values of Hu/Hb to be reached. before buzz occurs.

Total-pressure recovery for corresponding magsg-flow ratios m/ho

is presented in figure 7 for the four test Mach numbers. In all cases,
increasing m/mo by moving the cone into the inlet increased the total-
pregsure recovery. For the range of movement of the cone in these tests,
values of m/my of ebout 0.30 to 0.60 were obtained at Mg = 1.62; 0,32
to 0.67 at Mg = 2.00; 0.42 to 0.83 at My = 2.53; and 0.61 to 0.96 at
Mp = 3.05. The dashed line indicates where buzz limits the maximum mess
flow obtainable. The decrease in slope of this 1limit line at the higher
values of m/my indicates that the maximum velue of EyfHy that could

be obtained with the 15° semlangle cone was closely approached in these
tests.




NACA RM L52K10

Typical shadowgraphs of flow patterns are presented in figure 8.
The shadowgraphs were photographed on the screen shown in figure 1 at
an exposure of spproximately 0.003 second. The shadowgraph pattern at
Mg = 1.62, 2.00, 2,53, and 3.05 -indicates that a separation shock
appears on the cone surface and tends to trigger the beginning of buzz.
At Mp = 1. 62, evidence that the normal shock inside the inlet has moved
to the inlet 1ip can be seen at a value of 63 = 19.57, with My = 0.25.
This value of 93 was also verified at My = 0.27 in shadowgraph
patterns not presented. This value of 67 is nearly the same value as
the one-dimensional theoretical Mach number at which the inlet can start.

It can be seen that a limited amount of subcritical operation was possi-
ble before buzz occurred.

At s Mach number of 2.00 the flow patterne indicate that the inlet
cowld retaein the normal shock until a value of 62 = 22,35° was reached,
after being started at a lower value of 6;. At 83 = 22,35°, the sepa-
ration shock can agaln be seen on the cone surface. Buzz occurs with
apparently no possible subcritical operation.

The maximum total-pressure recovery atteined for the four test
Mach numbers is shown in figure 9 as a function of dlffuser exit Mach
number, At all Mach numbers tested, the maximum total-pressure recovery
occurred at.a diffuser exit Mach number of 0.25. Maximum total-pressure
recovery values of 0.90, 0,82, 0.61, and 0.4l were attained at free-jet
Mach numbers of 1l.62, 2.00, 2.53, and 3.05, respectively. The value of
maximum total-pressure recovery was reached at the onset of buzz at all
diffuser exit Mach numbers except 0.27 where the buzz limit was not
reached.

Thege maximum values of total-pressure recovery are presented as s
function of free-stream Mach number in figure 10, A test point at a
Mach number of 1.85 of a 15° semiangle cone, with a ratio of central-

B
body dismeter to cowl=lip diameter of 0.467 shows a value of ﬁ% = 0.87

(ref. 4). At this same Mach number, the veriable-geometry inlet of these
tests with a ratio of central-body diameter to cowl-lip diameter of 0.81L

H
and 6° to 13° cowl indicates a value of E%-: 0.86,

A 20° semiangle cone with a T° to 10° cowl and a ratio of central-
body dismeter to cowl-lip dismeter of 0,817 indicates that, at a& Mach

H
number of 2.75, a value of E%-: 0.65 (ref. 1) cen be obtained while a -

H
value of E%-= 0.54 was obtained with the 15° semiangle cone of this test.
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Total-pressure recovery as a function of free~gtream Mach number is
presented with lines of constant 63 in figure 11 and with lines of
corresponding constant mess-flow ratlo in figure 12, Thege figures ghow
the movable-cone variable-geometry effect on total-pressure recovery
over the test range of Mach numbers and allow comparisons wlth the total-
pressure recoveries of a fixed-arés Inlet, inasmuch as each value of
constant 63 represents a flxed-area 1lnlet. The one-dimensional theo~
retlical starting line where the normal gshock could enter a fixed-aresa
inlet is shown in figure 1l, Values of 63 above this starting line
would prevent starting; below this line supercritical flow could he _
attained at the inlet.

By using the results shown in figure ll(b), with & diffuser exit
Mach number of 0.25, a fixed-area inlet of design Mach number 3.05 and
01 = 25.0° would buzz over the entire range of test Mach number. In
order to avold buzz, this type of inlet would have to operatt at a
higher value of diffuser-exit Mach number. This figure indicates that
e value of 63 = 21.75° or less would be required for a fixed-area
inlet to operate buzz-free over this range of Mach number. The starting
line indicates that this inlet would start at a value of Mg = 2.1 and,
at a Mach number of 3.05, would have a total-pressure recovery of 0.36.

In the case of the movable-cone varisble-geometry inlet, the value
of 63 could be Increased up to a value near the buzz limit starting
at a Mach number of approximately 2.2, and higher values of total-pressure
recovery could be attained through the remainder of the Mach number range
than were possible with the fixed-area inlet. At a Mach number of 3.05,
a value of 03 = 24.,0° could be reached with a total-pressure recovery
of 0.12., This represents an increase of about 16 percent in total-
pressure recovery at this Mach number. Correspondingly, figure 12(D)
shows that the fixed-area inlet of 6; = 21.75° would operate at a mass-
flow ratio of 0.77 at Mp = 3.05, while the varisble-geometry inlet
would be operating at a mass-flow ratio of 0.91, an increase of approxi-
mately 15 percent. This higher mass-flow ratio would be a benefit in a
lower value of additive drag, as well as in increased value of thrust.

SUMMARY OF RESULTS

The following resulits were obtalned from the tegts of a 150 seml-
angle movable-cone varisble-geometry inlet at Mach numbers of 1.62, 2.00,
2.53, and 3.05:

1, Increasing the diffuser-exit Mach number by reducing the back
pressure allowed the cone to be moved to a greater value of cowling-
position parameter and resulted in higher values of total-pressure
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recovery and mass-flow ratio. The meximum value of total-pressure
recovery was attained at the highest mass-flow ratios and was limited
by the start of buzz.

2. Maximum total-pressure-recovery velues attained were 0,90, 0.82,
0.61, and 0.43 for free-jet Mach mumbers of 1l.62, 2,00, 2.53, and 3.05,
respectively, with a diffuser-exit Mach number of 0.25.

3. A lower value of the cowling-position parameter than could be
used at the design Mach number was required at below-design Mach num-
bers to avoid the occurrence of buzz. For this reason, the movable-cone
variable~geometry inlet attained higher total-pressure recovery and mess-
flow ratios over a range of Mach number from approximately 2.20 to the
design Mach number of 3.05 than a corresponding fixed-area inlet that
must operate below the buzz limlt.

4, At the design Mach number of 3.05 the movable-cone diffuser
realized s l6-percent increase in total-pressure recovery and a
15-percent increage in mass-flow ratio over the corresponding fixed-
area inlet. This Increase in total-pressure recovery and mass-flow
ratio would result in an increased value of thrust and a lower value
of additive drag.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronasutics,
Lengley Field, Va,.
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TABLE I.- TEST REYNOLDS NUMBER

Reynolds number

Free-jet Mach number (based upon inlet
dismeter)
1.62 5.05 x 106 to 5.7L x 106
2,00 6.46 to 6.90
2.53 6.78 to T.62
3.05 6.28 to T7.26
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TABLE ITI,- COORDINATES FOR 15° SEMIANGLE MOVABLE-CONE

VARTABLE-GEOMETRY RAM-JET INLET MODEL

Diffuser-cowl Movable~cone
coordinates coordinastes
?adi?s
in. Statlion Radlus
Statlon (a) (in.)
External Internal
o} 2.745 2.740 o} 0
250 2.803 2,766 7.950 2.129
« 500 2.850 8.200 2.189
. 750 2.808 8.450 2.220
1.000 2,932 Straight 8. 700 2.230
line 8.9%0 2.220
l 9.200 2,202
11.200 2,031
2.000 2,949
2,250 Straight 2.973
2.500 line 2.987
2,750 2.995
3.000 3.000
4,000 3.250 Straight
4,250 3.27k line
)"'-500 30290
h. 750 3.298
5.000 3.300
5.25%0 3.300 3.000
ﬁqqn;,rr

83traight line between station 0 to 7.950 and
station 9.200 to 11,200,
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Uhadowgrapn screen j

(b) Three-quarter rear view. T--NACA
. L=77022
Figure l.- The ram-jet inlet model in test position im the 12- by 12-inch nozzle.




gt

e Sy SN T 8.50
"'-.__.‘_‘ - diam.
e e I i

B ma-f L.\ — Zeriee

Lm B, chamber
Strub fairing \-tnaer boty LDlﬂ‘unr-“ib- 1/6°x 3 3/8 otreular exit’ raice
support awwut (3) ares raks are (rosated 20%)
1/4'x 8 oiroular are { {shown rotated 50°%)
17,4 %0.13 718 —=

(a) Ram-jet diffuser model.

N
£
H
:

h'llh:g;m :
Toor
patail . .b1a ©
? T

N4 — +

—_— L. Tnoer Il *
I .

—e - 0 Datail a E
s 18 - e HRGA -

g | - ‘;’?‘
m:igl 1 2,75 —™ R Iulet
“‘ﬁ% J _t ey

(b) Details of iniet.

Flgure 2.- Schematic diagram of movable-cone variable-geometry ram-jet
inlet showing principsl dimensions of the model and deteils of the
inlet. All dimensions are in inches.

OTHSST W VOVN




3P NACA FM I52K10 }:@M@J 17
]
1.0
- ///
] V/;/

Geometric-area ratio, $/8,

-]

7

1]

b

Leading edge of lnner
body support strut

/""‘7
s el
///
//
2
- A/
L~
—’L/’/

SLNACA, -~ |
|

1.0 1.2 l.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 - 3.0 3.2

Distence downstream of cowl 1lip, x/d.4

Figure 3.- Longitudinal variation of geometric-area ratio.

Geometric-contraction ratio, 50/53

1l.12

1.08

1.00

17

/

18 19 20 21 22 23 24 26

Cowling-position parameter, 5}, deg

Figure 4.- Geometric-contraction ratio as a function of the cowling-

position parameter,




Free stream Sonic erxit

Station

Figure 5.- Station notation for raw-jet 'inlet model.

o1

OTMSCT W VOVN




Total-pressure recovery, 34/50

Total-pressure recovery, H,/H,

""';'.“‘. I ok T
NACA RM I52K10 TCORETERgn o 19
rTheory - normel shock at Sy
1.00, T T T Theory = normal shock at Sg
e A
LG s |
'BO s 9”/1/0‘/0
/o zs'g P ( ll‘
d t:',c»’ L& 0O—o0.20
- ,D/ }/ O— .2
60 —(C v .
. E/D/ o O—.25
A.. “ A—.27
.40 |—-— Buzz limit
20
0
17 18 pi-4 20 21 22 23 24 25 28
Cowling-position parameter, &, , deg
(a) Mgy = 1.62.
RTheory - normal shock at-ss
1.00
‘ Theory - normal shock at S,
LASK
;ﬂ‘r_ ——r
.80 E
A= Lo ‘.
ﬁ(‘///a/u > 0 —0.20
+80 39 £} O —.z22
le}gf£f7l}&, O —.2s5
x r({ — —=Buzz limit
«40 ‘w
«20
W —]
o | [ 1
17 18 19 20 21 22 23 24 256 26

Cowling-position parameter, 61 , -deg

(b5 Mg = 2.00.

Figure 6.- Total-pressure recovery as a function of the cowling-

position parameter.




Total-pressure recovery, Hy/H,

Total-presaure recovery, Hy/H,

Nohaketdans

NACA RM L52K10

1.00
+«80
‘-The_oz-y - normal shock at S;5
f "]
.60 — =X A
| ™ K Lt
2= [ W,
poﬁ//c—@“ O—0.20
.40 s
| O——.22
T ' .28
D —.27
«20 ——Buzz limit
] . -
7 18 19 20 - 21 2e 23 24 25 26
Cowling-position parmater,el, deg
(¢) My = 2.53. _
1.00 n e
%,
O——0.20
«80 0O 22
O—.28
D27
——~—PBuzz limit
«60 *
‘—‘Theory = pormal shock gt Sg
40 i L—;\:E::z:-y oA
. —Z —— A
D L —
.
«20
NACA, E
o - ||
17 18 19 20 21 22 23 24 25 26

Cowling-position parameter, &y , deg
(@) M= 3.05.

Figure 6.- Concluded.



NACA RM 152K10 Sertd 21
1.00
o F )
£ S al
J g 4. X,
. /5 X
B }p/ O—0-.20
g .80 € ;ﬂgf
8 / O—-.22
4 PN : O— .25
'g . 4 A——.27
§ -40 ——Buzz limit
L
by
s
& .20
0
.2 .3 o .5 .6 .7 .B .8 1.0
Mass-flow ratio, m/m0
(a) My = 1.62.
1.00
P .80 f?? —""’l
N
Nv /,/Cn (Y’o/o
Pl P54
£ e o .
3 4
E ﬁ//& 0O—0.20
g ' O— .22
g' _.40 O O— .25
'_1' ————Buzz limit
! :
& .
.20
R
0 | .1

2 %] ok 5 ] o7 8 9 1.0
Mass-flow ratio, m/mg

(p) Mp = 2.00.
Figure 7.~ Total-pressure recovery as a function of the masss-flow ratio.
Cowling-position parameter varies.




W NACA RM L52K10

f

80

«40

s
]

pel
oo
1,

T
2%
,é\\
X

O—gs
-20 A—.27
——Bugz 1iplt
0
.2 .5 ot .5 6 .7 .8 X:] 1.0

Maaa-f'low ratio, m/mo

(C) MO = 2.53.

1

1.00
.80 "_‘
O-—0.20
O—22
& —i25
-0 A— .27

——-—~ iimit

« 40 _ : ~o— —=
ﬂ:\lv

<20

Total-preasure recovery, H‘,'/H0

.2 .3 .4 .5 .6 .7 .8 R - 1.0
Mass-flow ratlo, m/m,

() My =3.05.°

“Figure 7. - Concluded.




NACA RM L52K10

21.16 21.35
(a) Mg = 1.62; My = 0.25.
L-77023

Figure 8.- Typical flow patterns for the movable-cone ram-jet inlet model
for a range of free-jet Mach numbers. 15° semiangle cone; 0° angle of
attack. T




NACA RM 152K10

23.36
-Bugz- - I

(a) Concluded. =-

Figure 8.- Continued.




NACA RM 152K10

22.11

(b) Mg =.2.00; My = 0.25.

Figure 8.- Continued.




NACA RM 152K10

22.72
Bu.Zz
(b)

Concluded.




27

NACA RM I52K10

6, = 19.k2 24,10 19.60
Ml;. = 0.27 M)-l- = 0,20
Buzz
(c) M, =2.53.

6, = 23.11 _ 24,60

(@) My = 3.05; M, = 0.25.

Figure 8.- Concluded. L-777027




28 NACA RM L52KX10

1.00 = )
A .
£ — T 1 ]
~EL, .80
£ v
g
E e ! | —
: |
% 0 V L= A
& .4 y
8 %
8 ey
L=l «20 —2.83
5 A—3.05

0 {1

.18 .20 .22 .24 7 .26 .28 .30

Diffuser-exit Mach number, Ng

Figure 9.- Maximum total-pressure recovery obtalned as a function of

diffuser-exit Mach number.

o Rer. 4; 150 coney
1.00 Central-body diam./ cowl-lip diam. = 0.467
——Rer. 1; 20° cones 70.100 soml
g Ccentral-body diam./ cowl-lip diam. = 0,817
—
? K Moveable=cone ramejet diffuser model
¥ o0 ; o ) d 15° gone; 60.130 cowl;
-1 \\ Central-body diam./ cowl-lip alam. = 0.81
e /
2
o \ 3|
(23
g .60 ~
~
@ ]
: T~
™ .40
—
d
2
o
-~
g
g .20
. -
1.6 1.8 2.0 2.2° 2.4 2.6 2.8 3.0 3.2 3.4

Mach number, MO

Figure 10.- Maximum totasl-pressure recovery variation'ﬁith Mach number.




29

NACA RM 152K10
1.00 —_—
&
| 24, 0-ema—
23.0 —f—t l— Starting line
8o 2220 — JC )
’ 21.0— . §\>K”‘
g -20.:[:1 §\§\\
- \ \
g 60 19.%\ §§> \§§§
3 ] N
: 18.0~ \i T S\\S§§\\ o,
° 17.5 —— I~ N ]
E 40 \b\ i \bl\ \§ = ~=25.0
8, — — T —24.0
o \
;T [~ \\_ \:‘\‘\\\_\Q§§S
- et
8 .20
0
1.5 1.7 1.9 2.1 2.3 " 2.5 2.7 2.9 3.1
Hach number, M,
(a) M) = 0.27.
1.00
41
"‘22-0@5{.
— e —~Starting line
o .80 :z z:\i\\k‘ /—
g \__ — NQ Buzz 1limit
w "19.(()i - 3\\
RN ENENNNESY
2 18.0 ~— N ———
) S~ ]
S e N NN R NS SN
[ \
2 w0 i s e A i M Y
s - paa— L —
8
r!l
-]
2 20
. ]
o |
1.5 1.7 1.9 2.1 2.5 2.5 2.7 2.9 3.1 3.3

Mach number, My

(b) My = 0.25.

Figure 11.- Total-pressure recovery as a function of free-jet Mach number

with lines of constant cowling-position parameter 6.




d
8
=
3
2

~21.0

/-1——— Buzz limit
N
~J
Fo—

//H———Stnrting line
i::
-
\‘
\\4
k\‘-

=
=

20.0

1.00

o o
< Q
. .

om\wm ‘LIoa009a eanesead Twiog

3.3

Sl

Kach number, Ho

My, = 0.22.

(c)

|/

/

Z—“—Buzz limit
=

/——S tarting line

‘\\

7
oy
-

/1]

P

=

/

«0
|

o—wun
w
~

&

.80 rla
.80 =17,

Q [e]
-+ o

om\_vm ‘Laoaooea sangsead Tw30%

Mach number, MO

(a) My, = o0.20,

Figure 1l.- Concluded.




31

Mach number, L5

LR L

m/m0
r0.60

1.00

:
(=
&
3
=

On/Pp ‘Laoaooex sunswesd w0

0.27.

(a) Mh

3.1

2.8

M, = 0.25,

2.3

(v)

Mach number, Mo

2.1

1.9
with lines of constant mass-flow ratio.

:s_oi-\i\ T‘\\‘\\‘ —

m/m0
«40
|

1.00
Figure 12.,- Total-pressure recoﬁery as & function of free-gjet Mach number

om\ﬁm ‘faoso0ea eamesead TwiOL



32 NACA RM L52K10
1.00 T
m/mo
—4
| NT
o B0 r0.45|\ <] ~y
§' -40;\1\\\ i\:
| el
g N~ Buzz 1imit
~ R R TN =] y;
- T~ \\\ \\\ "o
?, «40 — \\\‘-\jt‘\l\& Q} 0.75
& ™~ !\\(\ S
- .65
3
& .20
0.
1.5 1.7 1.9 2.1 2.5 2.5" 2.7 —20 1 s
Kach number, MO
(c) M, = 0.22.
1.00
m/mo\
{ .80 [-0.40 <]
L) - .35 i’\
g .60 <] —
g ~J T
o Y T~ Buzz 1imit
@ S~
2 40 \\\'{L —_—
¢ R i
8 .60
3
& .20
-
0 )
-5 1.7 1.9 2.1 2.3 g5 2r T 2. 3.1 8.3

Mach number, MO
(d) Ml]- = OoQO-

Figure 12.-~ Concluded.

NACA-Langley - 1-8-53 - 326



